The Ultra-relativistic Quantum Molecular Dynamics model (UrQMD) is used to study global observables in central reactions of Au+Au at √ s = 200 AGeV (RHIC). Strong stopping governed by massive particle production is predicted if secondary interactions are taken into account. The underlying string dynamics and the early hadronic decoupling implies only small transverse expansion rates. However, rescattering with mesons is found to act as a source of pressure leading to additional flow of baryons and kaons, while cooling down pions.
One of the major goals of the relativistic heavy ion collider (RHIC) at Brookhaven National Laboratory is to explore the phase diagram of hot and dense matter near the quark gluon plasma (QGP) phase transition. The QGP is a state in which the individual hadrons dissolve into a gas of free (or almost free) quarks and gluons in strongly compressed and hot matter (for recent reviews on the topic, we refer to [1, 2] ). The achievable energyand baryon densities sensitively depend on the extend to which the nuclei are stopped during penetration; they also depend on mass number and bombarding energy.
Earlier RHIC estimates have been performed assuming boost-invariant hydrodynamics [3] [4] [5] [6] [7] and pQCD (Regge theory) motivated model [8, 9] : baryons are concentrated at projectile and target rapidity separated by a large region which is baryon free (in position and momentum space), i.e. the nuclei are transparent. The region between them is filled by the color fields which materialize, developing a plateau in the mesons' rapidity distribution.
This scenario is supported experimentally for pp-and pp-collisions at collider energies. It is the aim of the present work to examine whether this remains true also for the collision of large nuclei. From lower energy nucleus-nucleus collisions we know that only a small fraction of the total number of collisions takes place at the full incident energy while most of them take place at much lower energies. In fact, transport model studies show a fair amount of stopping at the RHIC energy with strong transverse expansion [10, 11] indicating that the collision of two nuclei is more than just the superposition of "A×A" nucleon collisions at the same energy (i.e. that secondary interactions are very important at all investigated energies).
As a tool for our investigation of heavy ion reactions at RHIC the Ultra-relativistic Quantum Molecular Dynamics model (UrQMD 1.2) is applied [12] .
Similar to the RQMD model [10, 13] , UrQMD is a microscopic transport approach based on the covariant propagation of constituent quarks and diquarks accompanied by mesonic and baryonic degrees of freedom. It simulates multiple interactions of ingoing and newly produced particles, the excitation and fragmentation of color strings and the formation and decay of hadronic resonances. At RHIC energies, the treatment of subhadronic degrees of freedom is of major importance. In the UrQMD model, these degrees of freedom enter via the introduction of a formation time for hadrons produced in the fragmentation of strings [14] [15] [16] . The leading hadrons of the fragmenting strings contain the valence-quarks of the original excited hadron. In UrQMD they are allowed to interact even during their formation time, with a reduced cross section defined by the additive quark model, thus accounting for the original valence quarks contained in that hadron [12] . Those leading hadrons therefore represent a simplified picture of the leading (di)quarks of the fragmenting string. Newly produced (di)quarks do, in the present model, not interact until they have coalesced into hadrons -however, they contribute to the energy density of the system. A more advanced treatment of the partonic degrees of freedom during the formation time ought to include soft and hard parton scattering [8] and the explicit time-dependence of the color interaction between the expanding quantum wave-packets [17] . However, such an improved treatment of the internal hadron dynamics has not been implemented for light quarks into the present model. For further details about the UrQMD model, the reader is referred to Ref. [12] .
The UrQMD model has been applied successfully to explore heavy ion reactions from AGS energies (E lab = 1 − 10 AGeV) up to the full CERN-SPS energy (E lab = 160 AGeV).
This includes detailed studies of thermalization [18] , particle abundancies and spectra [19] , strangeness production [20] , photonic and leptonic probes [21] , J/Ψ's [22] and event-byevent fluctuations [23] .
Let us tackle directly the relevant questions prompted by the start-up of RHIC:
• Can string models like UrQMD be applied to AA reactions at RHIC energies?
• Is baryonic stopping achieved at RHIC?
• How many particles will be produced?
• Will secondary interactions modify observables?
The increasing importance of perturbative QCD effects (hard scattering) [8, 9, 24] and coherent parton dynamics [25] has lead to the speculations that transport models with string dynamics will fail to describe heavy ion collisions above a certain center of mass energy. Indeed, todays transport models are based on a probabilistic phase space approach, even in the earliest stage of the reaction. In this stage at RHIC energies, the protons and neutrons of the colliding nuclei should be described by coherent parton wave functions and should be modelled as such [25] . However, after initial parton or string production has taken place in the first 0.5 fm/c [26] , this coherence is lost and the UrQMD ansatz may be applicable.
To study the pQCD-induced effects it has been suggested to use the Parton Cascade Model (PCM/VNI) [8] to simulate the dynamics of the hot and dense region of heavy ion reactions. However, the interplay of hard vs. soft physics (early stage vs. late stage of the collision) allows use of these models only in the very early stage of the reaction. Recently it was shown that the large amount of non-perturbative parton interactions at SPS and RHIC energies imposes severe limitations to the applicability of such an approach [27, 2] .
In fact, higher twist phenomena seem to play an important role at RHIC energies, making leading order (and next-to leading order) perturbative QCD (pQCD) calculations questionable for the study of dense matter [27, 28] . It has been argued [29, 30] , that for subsequent (t > 1 fm/c) collision stages, the use of phenomenological approaches to investigate the collision dynamics is inevitable, especially when the system becomes relatively dilute and secondary collisions occur at moderate energies.
It is not known a priori at RHIC energies, whether pQCD effects (presumably taking place at the early stage of the collision, t ∼ 1 fm/c) or the hadronic rescatterings dominate the evolution of the system and the hadronic spectra measured by the experiments after freeze-out. Models like UrQMD [12] or RQMD [13] can help to identify in the observables signals from different (early/late) stages of the collision dynamics.
Let us investigate UrQMD predictions at increasing center of mass energies for light-ion and proton-proton reactions. UrQMD calculations to rapidity distributions for He+He at √ s = 31 GeV (ISR) yield good agreement between model and data [12] . If the energy is increased further, pp interactions from UrQMD start to deviate from pQCD motivated extrapolations by 35% at
GeV. This deviation is consistent with early attempts made in the RQMD approach as discussed in ref. [10] . It can be pinned down to multi-jet events: here the incoming hadrons do fragment not only into two jets (lead by the incoming quarks/diquarks) but also into additional jets stemming from momentum transfer to the sea-partons of the incoming hadrons. These additional jets result in an overall increase of particle production from center of mass energies of √ s = 100 GeV upwards. Consequently, this model cannot be applied to pQCD dominated observables, e.g. the high-momentum (p t > 2 GeV/c) part of hadronic spectra or multi-jet related quantities. On the other hand, as will be discussed below, only a minor part of all elementary interactions takes place at such high energies, thus final results in terms of particle multiplicity and spectral shape are only moderately affected, on the order of 10% [10] . One observes that the total number of collisions is dominated by secondary interactions.
The initial high energy collisions ( √ s > 100 GeV) constitute less than 20% of all reactions. The remaining 80% of the reactions are well treatable by string physics and effective constituent quark dynamics. The average collision energies are given by: s<100 GeV = 4.6 GeV. Note that these moderate collision energies are also encountered in 'pQCD' based approaches, e.g. VNI [27] . Thus pointing to a strong non-perturbative component in the parton-hadron dynamics at RHIC energies.
In the following two different scenarios will be explored in order to study the influence Let us investigate the total energy deposition in calorimeters in terms of the transverse energy E T :
E i is the energy of particle i, m i is the restmass of particle i -if it is an anti-baryon, otherwise it is zero. The E T distribution is depicted in Fig. 2a as a function of pseudorapidity η. UrQMD predicts a maximum E T of 600 GeV (with rescattering, full symbols) and a gaussian shape of the E T distribution. Deactivating the secondary interactions (open symbols) results in a decreased energy deposition by 30% and in a plateau in the transverse energy distribution, as expected from string dynamics.
The charged particle (π
yields with (full symbols) and without (open symbols) rescattering are depicted in Fig. 2b . Fig. 2c shows the E T per charged particle as a function of pseudo-rapidity. At the central region the calculation with rescattering (full symbols) and without rescattering (open symbols) coincide. The transverse energy per particle is 600-800 MeV. However, at larger rapidities we observe secondary maxima in the calculation without rescattering -as shown below, they are due to concave momentum distributions of hadrons over rapidity.
Diquark dynamics becomes the major mechanism for the initial built-up of energy-density [31] and particle production. It is therefore interesting to study the stopping behaviour of the present model. It has been claimed recently, that exotic mechanisms (e.g. baryon junctions [32] ) need to be invoked to understand the baryon number transport at SPS and RHIC. In contrast to these approaches, the UrQMD model mainly applies quark model cross sections to the subsequent scattering of constituent (di-)quarks in combination with a small diquark breaking [33] component (∼ 10%). of Gaussian shape with a peak value of 8 at midrapidity. It is interesting to note that the shape of the anti-proton distribution and their absolute yield stays apparently unaffected by secondary interactions. Since the overall particle production is strongly enhanced by rescattering effects (as shown below), this points to a counter balance of production and annihilation of anti-baryons.
The stopping power obtained in the full UrQMD approach is rather strong (cf. Fig. 3b ).
We observe a flat net-baryon rapidity distribution, while whithout rescattering two maxima develop near target/projectile rapidities and a strong dip at central rapidities. The netproton distribution (full symbols) is shifted by approximately two units in rapidity, resulting in 12 net-protons at midrapidity. Secondary scatterings are important for transporting baryon number from projectile and target rapidity closer to midrapidity. by [38] ) will not be washed out in the rescattering process and might be observable.
The charged particle abundancies, ≈ 880 at midrapidity, are in the middle of the expected multiplicity at y = 0 which reaches from 600 to 1200 [34, 35] . It is interesting to note that the total particle yield is similar to the RQMD results [36] and also similar to a corrected pQCD based parton cascade model [27] . However, note the qualitative difference between the present results and those of a pQCD based transport approach [37] : the UrQMD calculations indicate a net-proton density of approx. 12 around midrapidity, whereas the pQCD based approach predicts a net-proton density of only 3. This large difference should allow experiments to discriminate those models.
Let us now turn to the transverse expansion dynamics: since the early UrQMD dynamics is based on string degrees of freedom, newly created quarks are not allowed to interact until they have finished their coalescence into hadrons (typically this requires 1fm/c in the local restframe of the coalescing quarks). Due to the large Lorentz γ-factor, this leads to a relatively small pressure in the initial reaction phase as compared to an equation of state which includes a phase transition to a thermalized QGP.
This behaviour is clearly visible in Fig. 4 : the transverse mass distribution of protons (ii) it is in general difficult to heat pions up to more than 140 MeV, because of production of new pions above this temperature. Pions lose part of their kinetic energy to create new hadrons and by pushing the surrounding baryons, kaons, etc. aside. Thus, the pions act as an energy reservoir for the heavier hadrons (pion wind [40] ).
In conclusion, the UrQMD model has been applied to Au+Au reactions at RHIC energies.
This model treats the dynamics of the hot and dense system by constituent (di-)quark and hadronic degrees of freedom. The collision spectra have been studied and the effects of secondary interactions have been quantified. Substantial baryon stopping power has been predicted. The resulting particle production has been analyzed. Secondary interactions are found to be very important for such a strong baryon stopping. They constitute a sizable source for particle production. The study of the transverse expansion of the system revealed that it is driven by pions ("pion wind"): Pions transfer their energy in the expansion phase to the heavier hadrons. As a result the pions are cooled as rescattering is included. The overall particle production is found to be similar to pQCD motivated models. However, the net-proton rapidity density at y c.m. differs by a factor of 4 between both approaches. This may be used to experimentally distinguish between these models. 
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